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Abstract 
This article investigated the applicability of a power polynomial function and the arc tangent function for solving inverse 
problems in the diagnosis of electrical devices with the natural-model method. To solve the problem of determining the magnetic 
characteristics of electrical devices, it is necessary to express the magnetic characteristics of a particular function. Application of 
various types of approximations for materials with different magnetic permeability is demonstrated. Application of studied 
approximations will reduce the time spent to solve the inverse problem and simplify the data processing procedures that will lead 
to a more efficient solution of the inverse problem of electrical device diagnostics. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICIE 2016. 
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1. Introduction 
When the solution of inverse problems of diagnostics by natural-model experiment knowledge of magnetic 
properties of ferromagnetic materials is a prerequisite for finding the optimal solution of tasks. Most often, as the 
magnetic characteristics to be diagnosed, using the core magnetization curve (CMC) B(H). Because various portions 
of the yoke are magnetized differently EI requires information about the coordinates of points of CMC in the range 
from zero to the saturation magnetic field. Thus, the need to store large amount of data about the coordinates of 
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points or CMC to present this in the form of an array of analytical expressions. In addition, CMC has a pronounced 
nonlinearity. These shortcomings of existing methods require the development of new and effective approaches that 
reduce the time to solve the inverse problem and simplify the data processing procedures. 
2. Representation magnetic characteristics of the approximating function 
One possible solution to this problem is the representation of the magnetic characteristics of the approximating 
function that best describes its shape. By approximating function must meet certain requirements [14]. 
A large number of works devoted to the use of various approximate expressions to describe the magnetic 
properties of electrotechnical products. Comparisons between these expressions are applied to different magnetic 
materials [6, 7, 12]. The analysis of these studies shows that the universal approximating expression there. For 
different types of materials for different tasks required to choose their approximating function. 
So the determination of CMC by solving the inverse problem of harmonic balance [1, 2, 4, 9, 10] is convenient to 
use a power polynomial function consisting of terms with odd powers of the form: 
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where B – magnetic induction, H – magnetic field strength, k2m-1 – approximation coefficients, 2n-1 – the 
maximum degree of the polynomial.
Accuracy with which a power polynomial approximation of CMC, determined by the number of members of the 
power series. those. meaning n.  
We investigate the dependence of the error of approximation of CMC on the number of terms of the polynomial 
for magnetic materials. To do this using electrical steel CMC 3411 (curve 1 in Fig. 1) and model-Gills Attertona [3, 
5, 13] CMC of a number of hypothetical magnetic materials with different relative permeability μ. (Curves 2 - 14 in 
Fig. 1). These CMC obtained by changing the gap x in W-shaped magnetic circuit (Fig. 2) in the range from 0 to 0.5 
mm. pitch 0.03mm. In this case, the relative magnetic permeability μ varied from 4379 to 32, respectively. (μ nature 
of the change is shown in Fig. 3). 
 
 
Fig. 1 The main magnetization curves 
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The results were evaluated by the approximation error [11] and calculated as the distance between the source and 
CMC curve obtained by approximating the expression (1). 
To calculate the coefficients k2m-1 expression (1) was used Statistica software package, and for the errors of 
calculation program, developed by the authors. Table 1 and Fig. 4 shows the results of these studies. 
 
 
Fig. 2 Changes in the magnetic permeability of the magnetic circuit 
Table 1 - Approximation error  
Magnetic permeability 
4379 674 250 154 111 87 71 60 52 46 42 38 32 The degree of the 
polynomial 
3 71,72 58,12 38,12 26,77 21,59 17,37 14,01 11,33 9,17 7,42 5,98 4,78 2,93 
5 67,27 47,73 23,42 15,48 10,14 6,42 3,82 2,51 2,96 3,16 3,20 3,12 2,78 
7 63,12 39,01 15,01 7,95 3,68 3,68 2,93 2,81 2,46 2,14 1,89 1,78 1,42 
9 59,83 32,01 10,05 3,45 2,67 2,60 2,15 1,75 1,47 1,18 0,88 0,72 0,82 
11 57,38 26,19 6,78 2,02 2,35 1,88 1,31 0,91 0,65 0,79 0,85 0,80 0,63 
13 55,11 21,31 4,07 2,02 1,83 1,22 0,75 0,74 0,79 0,65 0,56 0,50 0,38 
15 53,11 18,56 2,19 1,91 1,30 0,70 0,75 0,67 0,53 0,46 0,37 0,31 0,31 
 
 
Fig. 3 Dependence of the error on the magnetic permeability at varying degrees of polynomial 
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From Table 1, it is seen that the power used in a polynomial approximation as possible of the magnetic 
characteristics when the magnetic permeability is not more than 250. 
In solving problems of modeling of the executive electromagnets [15-17] need to know for the CMC of the 
various provisions of the armature:  
B = f (H, x),   (2) 
where x – non-magnetic gap. 
In such problems, approximating the expression as a power polynomial (1) is not acceptable, there is no second 
independent variable x. 
Using the family of CMC (Figure 1), the dependence of the magnetic induction in the magnetic gap for different 
values of the magnetic field (Figure 4). 
 
Fig. 4 The dependence of the magnetic induction in the magnetic gap for different values of the magnetic field 
Curves were approximated by the expressions presented in this figure:  
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The curves in Figure 5 have strong differences from one another, but describes the type of approximating 
expressions: 
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indicating the presence of the general laws of their.  
1024   A.M. Lankin et al. /  Procedia Engineering  150 ( 2016 )  1020 – 1026 
Using the method of demagnetization factor [8] can be determined CMC B1(H1) knowing the value of the gap in 
the magnetic and magnetic material CMC B(H) from which it is made. 
It is known [8] that the demagnetization factor is proportional to the magnetic gap, and greatly affect the slope of 
CMC magnitnoprovoda: 
1
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  
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,
where l – average magnetic line and hence 
1
0 0
( )
ȝ ȝ
H H
B l H
x

     .
Using the form of the last expression is proposed approximating expression, takes into account the dependence of 
the magnetic induction of the magnetic field and the magnetic gap: 
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taking into account the dependence B(H), given in the form of a polynomial (1): 
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For the proposed approximation (4) intended for the third error of polynomials. fifth and seventh grades. Table 2 
shows the results of these studies. 
Table 2 - Approximation error  
Magnetic permeability 
4379 674 250 154 111 87 71 60 52 46 42 38 32 
The degree of the polynomial 
3 72,22 58,53 38,39 26,96 21,74 17,49 14,11 11,41 9,23 7,47 6,02 4,81 2,95 
5 67,74 48,06 23,58 15,59 10,21 6,46 3,85 2,53 2,98 3,18 3,22 3,14 2,80 
7 63,56 39,28 15,12 8,01 3,71 3,71 2,95 2,83 2,48 2,15 1,90 1,79 1,43 
 
Table 2 shows that the expression (4), which describes the dependence of the magnetic induction on the strength 
and the gap in the magnetic circuit, characterized by the same values of error, that the expression (1), which 
describes the dependence of the magnetic induction, only the intensity (see. Table 1). Thus it can be argued that the 
proposed form of approximating function families CMC (3) successful, but requires double the number of 
approximation coefficients k2m-1. In this power polynomial function can not be considered successful for the 
approximation of CMC family. 
Fewer approximation coefficients ki required when using expressions based on the arctangent: 
1 2 3arctan( )B k k H k H       (5) 
Table 3 and Fig. 5 shows the error of approximation of this expression family CMC (Fig. 1). 
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Table 3- Approximation error 
Magnetic permeability 4379 674 250 154 111 87 71 60 52 46 42 38 32 
Error,% 8,65 4,90 3,91 4,25 4,29 4,23 4,13 4,02 3,90 5,01 5,41 5,16 5,68 
 
 
Fig. 5 Dependence of errors of magnetic permeability by using the arc tangent function 
From Table 3 and Figure 5 shows that the error for all the magnetic permeability does not exceed 9%, which 
allows the use of such a function in solving problems by natural-model experiment [2, 16]. 
As in the case of the power of the polynomial, it is necessary to plot the magnetic induction is not only the 
magnetic field intensity, but also on a non-magnetic gap. To do this, using the expression (3) and the arc tangent 
function (5), we obtain the expression: 
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The resulting approximation (6) has only six coefficients ki, which is substantially less than when using the 
approximation type (4).  
Expression (6) are defined approximation errors values, they are shown in Table 4. 
Table 4 - Approximation error 
Magnetic permeability 4379 674 250 154 111 87 71 60 52 46 42 38 32 
Error,% 8,71 4,93 3,94 4,28 4,32 4,26 4,16 4,04 3,93 5,05 5,44 5,20 5,71 
 
The results shown in Table 4, as the results in Table 3 show that the account depending on the gap does not 
significantly increase the accuracy. 
4. Conclusion (Conclusion) 
Thus, the use of approximating functions enhances the effectiveness of the inverse problem solutions electrical 
diagnostic devices, by reducing the time required to solve the inverse problem and to simplify the data processing 
procedure by using instead of volume approximating expression datasets. The resulting approximate expression (1), 
(4), (5) and (6) apply in determining the magnetic characteristics of the solution of the inverse problem of harmonic 
balance method of natural-model experiment, but for applications where the permissible error of up to 10 % 
preferably the expression (5) and (6) requires fewer approximation coefficients ki to achieve a given accuracy. 
The results obtained with the support of the project ʋ 1.2690.2014 / K «Methods for solving inverse problems of 
diagnostics of complex systems (engineering and medicine) based on natural-model experiment" implemented 
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within the framework of the project of the state task with the price of equipment "Diagnosis and energy-efficient 
electrical equipment " (NPI). 
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